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Abstract 
Monitoring the changes provides the decision maker with sufficient information to manage the storage capacity of the 
lake. Therefore, the main aim of this paper is to detect the changes in AHDL bed surface profiles in the period 2000-
2012 using the remote sensing (RS) and (Geographic Information Systems) GIS techniques via building 3D profile of 
the lake. On the other hand, the measured values and directions of velocities along with the interpolation function are 
used to map, analyze and correlate the velocities pattern to the variation of the bed profile (the erosion and 
sedimentation patterns) and to the sediment component (particles) distributions.  
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1. Introduction 
By the construction of the AHD in 1964, a large reservoir, AHDL, has been formed at the damƍs upstream side. This 
Lake is consisted of two main connected parts. One lies in Egypt and is known as Lake Nasser and the second lies in 
Sudanese side and is known as Lake Nubia. Sediment accumulations, in this lake, resulted in decreasing the lake 
storage capacity, navigation problems and other water quality and environmental problem [1]. Whereas, AHDL is 
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vital to Egypt, as it stores and regulates Nile water, being the main source of fresh water, for about 85% of its 
population. Consequently, it is of the outmost importance for Egypt to understand properly the changes occur in this 
lake, especially in its bed surface where the sediments are accumulated. This is essential to monitor the changes in the 
bed surfaces and hence the current actual capacity of the lake can be assessed. Satellite data have been combined with 
in-situ measurements, using GIS analyst tools, to estimate changes in lakes bed surfaces and analyze the effect of 
inflow velocity on sediment and erosion patterns, e.g. [2]. The morphological changes due to erosion / sedimentation 
processes occurred in San Giuliano Lake, Basilicata Region (Southern Italy), during the period 1984 – 2004 were 
analyzed using RS data integrated in GIS technique [2]. Nasr and Tarek [3] presents preliminary results on effect of 
the water velocity direction on distribution patterns of sediment deposition in some detected cross sections of AHDL 
based on field data analysis.  
The main target of this paper is to detect the effect of inflow velocity on sediment and erosion patterns of the active 
sedimentation portion in AHDL using both of remotely sensed data and in-situ data. 
2. Study Area and Data Collection 
2.1. Selection of the study area 
 The most active portion of the AHDL is the main focus of this study which is located in the Sudanese part of the lake 
(Lake Nubia). In addition, from the studies and observations done by the repetitive field survey missions, which 
successfully carried out through the joined efforts of the Aswan High Dam Authority (AHDA) and the Nile Research 
Institute (NRI), it is obvious that the cross sections have been enlarged and the water velocity have been decreased in 
the chosen part of Lake Nubia. So, this part represents the area with most intensive sediment deposition.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig.1. Location of the study area in AHDL. 
Moreover, the amount of sediment deposited in the study portion of AHDL is about (50%-70%) of the total amount of 
sediment in AHDL as indicated in the foregoing estimations by AHDA [4], although this portion represents only about 
5.96% of the total area of AHDL [5]. Therefore, this reach is called (the active sedimentation portion).The study area of 
the present research extends between latitudes 21°44c30ccN and 22°00c00ccN (upstream AHD). It contains 6 cross sections 
(28, 27, 26, 25, 24 and 22) from the South to the North respectively as indicated in Fig. 1. 
2.2. In-situ data 
x Hydrographic survey data: The hydrographic survey data - which describe the geometry of AHDL (Easting, 
Northing, and Elevation), were conducted via field trips by using the echo-sounder. These trips were done by 
(AHDA and NRI). The hydrographic survey data of years 2000, 2008, 2010 and 2012 for the study area were 
used in this paper [4]. 
x Water levels data:  Water levels upstream AHD were recorded by AHDA gauge stations in the different dates 
of the year [6] and they were collected to help in detecting the water surface levels of th lake at the dates of 
acquiring the satellite images. 
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x The inflow velocity data: These data involve the velocity magnitudes and the inflow directions, were 
measured by using the Vale port velocity meter device via the above mentioned field trips. These data were 
obtained at the locations of the cross-sections shown in Fig. 1. In this study, the data about the inflow directions 
of the year 2012 and the velocity magnitudes data of years 2008, 2010 and 2012 are used [4].
x Lake bed soil samples data: The Lake bed material samples were collected via the field trips using the bed 
material sampler at locations of the cross-sections shown in Fig. 1. Then the grain size distribution of these 
samples was identified in AHDLA and NRI laboratories to investigate the nature of the deposited particles and 
classifying them according to their geometrical characteristics. The collected samples of the year 2012 are used 
in the current study.  Though studying of these samples, it is noticed that; sand – medium grained size particles- 
and (silt & clay) – fine to very fine grained size particles – are the major components of these samples. Meanwhile; 
these samples do not contain any gravel – coarse grained size particles - at all. 
2.3. Satellite images (remote sensing data) 
Three Landsat ETM+ images (Path/Row=175/045) were used in this research. These images were acquired in 
different dates (September 2000, March 2006 and March 2009) from the GLCF website in GeoTIFF (systematic 
correction) products [7]. The acquired images were used to extract the lake boundaries. The satellite images were 
shot in September 2000 where the water level in the lake was (178 m) amsl, March 2006 where the water level was 
(173 m) and in March 2009 where the water level was (176.60 m). 
3. Methodology 
 To achieve the objective of the present paper, the methodology presented in Fig. 2 is used as explained in the next 
subsections. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Flowchart of the procedures adopted in this study to achieve its goals. 
3.1. Water surface areas extraction 
Many studies for water areas estimation were carried out over world [8, 9, 10, 11, 12]. Considering AHDL, few 
water surface extraction studies have been carried out on AHDL [13, 1].  
Recently, the use of remotely sensed imagery data is increasing with many applications in the field of water 
resources management. These applications involved the extraction of water information by various techniques [10]. 
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The unsupervised classification technique of Landsat images to obtain the water body class of AHDL was performed, 
in this study because it is considered the best technique for water texture recognition [14]. 
The shape of the lake was formed by using the extracted lake boundaries from the satellite images. Also, these data 
were used to form a group of scatter points (x,y,z) using the WGS84, UTM Z36N as a defined projected coordinate 
system. These points were used, combined together with the hydrographic survey points in the generation of the 3D 
bed surfaces of the study area for all available years (2000, 2008, 2010, and 2012). 
3.2. Prediction of the 3D bed surfaces 
 In order to predict the original lake 3D bed surfaces from the year 2000 to 2012, the available hydrographic survey 
data combined with the points that represent the water surface areas which derived from Landsat satellite images, 
were used in the interpolation process. In addition the water surface, that represents the highest surface for all predicted 
bed surfaces, was for the year 2000 Landsat image. The interpolation process is performed with the Radial Base 
functions (RBF) method [15].   
 the Mean Absolute Error (MAE) was used to assess the accuracy the interpolation methods. Smaller the MAE, the 
accurate is the results.  
3.3. The inflow velocity contour maps 
In order to establish the inflow velocity contour maps for years 2008, 2010 and 2012, the available inflow velocity 
magnitude data were used in the interpolation process. This process was performed by using ArcGIS software. These 
contour maps were produced in order to explain the effect of the velocity magnitudes on the erosion and sedimentation 
patterns. 
3.4. Establishing the inflow direction maps 
The inflow direction map of year 2012 was derived from the interpolation process of the inflow direction data. This 
map was generated to detect the effect of the inflow direction on the sediment distribution and formation. 
3.5. Producing of the sediment particles distribution maps 
The sediment particles distribution maps generated from the interpolation process of the bed soil samples data of 
year 2012; represent the distribution of sand and (silt & clay) through the bed of the study area. 
4. Results 
4.1. Creation of the 3D bed profiles 
The 3D bed surface of the lake was produced by using the extracted water surfaces generated by using the 
unsupervised technique from the available Landsat images for the year 2000 to 2012. The Radial Base functions (RBF) 
method for interpolation was used for gently varying surfaces such as elevations [15]. 
 To assess the accuracy of the used RBF method, MAE was computed which is almost near to zero for all studied 
years. The MAE for the year 2012 equals 0.02554 indicating high accuracy of interpolation process. 
The 3D bed surfaces are predicted for the years 2000, 2008, 2010 and 2012. Sample results are presented in Fig. 3 for 
the year 2000 and year 2012. 
 
 
 
 
 
 
 
 
Fig. 3 Typical results for the predicted bed surfaces for the years 2000 and 2012. 
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4.2. Sedimentation distribution and delta formation 
According to, sedimentation distribution and delta formation map that was produced from subtracting process 
between the bed surfaces of years 2000 and 2012 as shown in Figure 4. It is obvious that there was a variation in 
sedimentation thickness from the year 2000 to 2012 along the study area, the maximum depth of sediments through 
this period was estimated to be about 28 m. 
 
 
 
 
 
 
Fig. 4 Sedimentation distribution and delta formation map for the period (2000 to 2012). 
4.3. Velocity maps 
Data S.  Then, the inflow direction data of 2012 was interpolated too, by using ArcGIS software. Afterwards, the 
velocity contour maps and the inflow direction map were produced. Figs. (5a, 5b and 5c) show the inflow velocity 
contour maps for years; 2008, 2010 and 2012 respectively. 
 
 
 
 
 
 
 
 
 
Fig. 5 The inflow velocity contour maps: (a) map of year 2008; (b) map of 2010; (c) map of 2012. 
The inflow direction map of year 2012 is generalized by the interpolation process of the inflow directions field data. 
Fig. 6 represents the overlying of the inflow directions on the delta formation map of Fig. 4.  
 
 
 
 
 
 
 
 
 
 
                                                                Fig. 6 Overlying of the inflow directions on the delta formation map. 
4.4. The lake bed soil particles distributions maps 
Figs. (7a and 7b) show the lake bed soil particles distributions maps of year 2012 that represent the sediment 
components map. These maps represent sand distribution map and (silt & clay) distribution map respectively which 
were generated from the interpolation process of the collected soil samples data using ArcGIS software.  
 According to these maps, it can be clearly noticed that, silt & clay particles (fine soil particles) are distributed with 
high amount all over the study area. On contrast, the sand particles are distributed with low amount, which indicate 
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that (silt & clay) are the predominant components of the deposited sediment particles.  
 
 
 
 
 
 
 
 
 
Fig. 7 The lake bed soil particles distributions maps of year 2012: (a) sand distribution map; (b) silt & clay distribution map 
According to these maps, it can be clearly noticed that silt & clay particles (fine soil particles) are distributed with 
high amount all over the study area. On contrast, the sand particles are distributed with low amount, which indicate 
that (silt & clay) are the predominant components of the deposited sediment particles. 
5. Discussions
According to the interpolation and analysis of the inflow direction, the inflow velocities values and the lake bed 
soil samples, the related results were obtained as follows: 
5.1. The relation between the inflow direction and the deposited sediments  
By comparing the inflow directions with the delta formation, it is observed that; the mean inflow direction is almost 
coincide with the same direction of the deposited sediments to the northern east side and with the same trend of the 
formed sedimentation delta as shown in Fig. 6. 
5.2. Effect of the inflow velocities magnitudes on the lake bed surface relief 
The inflow velocity magnitudes affect directly on the lake bed surface relief as it is obviated in the following examples. 
1.An example of the bed surfaces cross sections at sections (24 and 25) - which are represented above in Fig. 1- 
and the corresponding inflow velocity profiles are shown in Figs. (8 and 9). It is noticed that; the increase in 
the velocity rates is associated with decrease in bed surface levels (high amounts of erosion), as it was 
occurred during 2008 to 2010. On the other hand; the decrement in the velocity rates is accompanied with 
increment in bed surface levels (high amounts of sedimentation), as it was occurred during 2010 to 2012. 
 
 
 
 
 
 
 
 
Fig. 8. Comparison between bed and velocity profiles at section 24 (347 Km U.S AHD): (a) Bed surfaces cross sections; (b) Velocity distribution 
 
 
 
 
 
 
 
 
 
Fig. 9. Comparison between bed and velocity profiles at section 25 (352 Km U.S AHD): (a) Bed surfaces cross sections; (b) Velocity distribution 
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2. Another example for indicating the effect of the inflow velocity magnitude on sediment and erosion pattern 
is shown in Fig. 10, which illustrates the comparison between changes of the bed profiles - (longitudinal 
sections that pass through the lowest points in the study area bed surface) and the corresponding inflow 
velocity profiles for the years 2008, 2010 and 2012.  Figures 10 confirmed the previously mentioned results 
about the velocity effect on sedimentation and erosion patterns through the achieved comparisons in Figs. (8 
and 9). 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Comparison between bed surfaces and velocity profile :( a) Bed surfaces longitudinal sections; (b) velocity distribution 
5.3. Effect of the inflow velocities magnitudes on the sediment component (particles) distributions 
Fig. 11 indicates the comparison between the sediment particles profiles - (longitudinal sections in the lake bed soil 
particles distributions maps that pass through the lowest points in the study area bed surface) - and the corresponding 
inflow velocity profiles for the year 2012. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11. Comparison between the sediment particles profiles and velocity profile of year 2012: (a) longitudinal section in sand map; (b) 
longitudinal section in silt & Clay map; (c) velocity distribution 
 
In general, Fine grained size particles (silt & clay) deposits accumulate in low velocity. On contrast medium grained 
size particles (sand) deposits accumulate in high flow velocity. 
Whereas, the inflow in the study area is characterized by low inflow velocity as shown above in Figure 10 and hence, 
the most deposited particles are fine which confirm the particles distributions in the particle distribution maps. On 
the other hand, most of sand particles deposited in the southern narrow part of the study area with relatively low  
quantity (5 to 1.5% of total sediment amount) up to velocity 0.07 m/sec (the interference margin between fine and 
medium sediment particles), then these particles nearly deplete in the northern part as deduced from Fig. 11.   
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Finally, it can be noticed that there was a great effect of the inflow velocity on the sediment and erosion patterns. 
Meanwhile, a direct relation between the change in velocity and the difference in sediment and erosion amounts 
(change in bed surfaces levels) can't be detected because of the lack of data for some years. So, it is recommended 
to repeat the field trips annually to collect the data continuously. This data will help in the future studies to detect 
this relation. 
6. Conclusions 
This paper presents and discusses the variations in bed profiles (sediment / erosion) of the active sedimentation 
Portion of Aswan High Dam Lake, based on the created 3D bed surfaces for this portion, using RS/GIS techniques. 
Moreover, the measured velocity patterns are mapped, analyzed and correlated to the variations in bed profiles (the 
erosion and sedimentation patterns). According this correlation, it can be concluded that the increment in the inflow 
velocity rate is associated with the erosion phenomenon. On the other hand, the decrease in the inflow velocity rate is 
accompanied with the sedimentation phenomenon.
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